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ABSTRACT This paper reviews evidence for the rare condition of porcine syndactyly. It describes eight archaeo-
logical examples from Britain, Northern Ireland and France. Syndactyly refers to the partial or complete
fusion of two or more adjacent phalanges on the medio-lateral border. The degree and character of
fusion are variable, but phalanges frequently unite to create a single skeletal element. This condition
has been identiﬁed by veterinarians, zoologists and naturalists in individuals and populations in a
range of species, but in spite of substantial research on the condition in humans and to a lesser extent
cattle, it remains relatively poorly understood in other mammals. Syndactyly is generally agreed to be
primarily congenital in origin, although factors affecting its incidence remain far from fully understood.
In light of the general paucity of discussion of speciﬁc conditions of animal palaeopathology, this
paper presents an analysis of these newly discovered syndactyle pig specimens, offers a review of
research with particular reference to pigs and discusses the etiology of the condition. Copyright #
2011 John Wiley & Sons, Ltd.
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Introduction
In stark contrast to research in the ﬁeld of human
osteoarchaeology, the study of palaeopathology in
zooarchaeology has, in relative terms, been neglected.
All too often, anomalous bones and idiopathic lesions
have been afforded only short notes or brief descrip-
tions in faunal reports with little synthetic work
being carried out on speciﬁc conditions, a trend in
research that was noted over 30years ago (Siegel,
1976). Although the ﬁeld of zoopalaeopathology is
rapidly progressing and research papers are becoming
more common (e.g. Miklíková and Thomas, 2008),
zooarchaeology as a discipline would beneﬁt from
a greater number of holistic studies on speciﬁc condi-
tions. As useful as texts such as Baker and Brothwell’s
(1980) seminal work on zoopalaeopathology are, fur-
ther ﬁne-grained research on particular pathologies is
needed in order to gain a detailed understanding of
the implications of these diseases at both an individual
and population level. In light of these shortfalls, this
paper presents a synthesis of research on porcine
syndactyly, the partial or complete fusion of two or
more phalanges in pigs.
Throughout this paper the term, ‘syndactyly’ is used
as the noun for the disorder and ‘syndactyle’ is used as
the adjective. The term syndactyly did not come into
use until the ﬁrst half of the 19th century, when it was
used to describe the fusion of toes in passerines by the
French naturalist Cuvier (1805) and was subsequently
used by English naturalists such as Whewell (1840),
Partington (1835) and Swainson (1836). Early use
of the term tended to refer to the morphology of cer-
tain species rather than to the pathological or congeni-
tal abnormalities. The terminology used to describe
the condition remains varied and includes syndactyly
(Hurlin, 1920; Goodrich, 1935 and many more), syn-
dactylism (Groves, 1913; Scott, 1933), zygodactyly
(Stiles and Hawkins, 1946; Alvord, 1947), syndactylia
(Fujimoto et al., 1958; Lauschke, 1988) and monodactyly
(Ghetie and Dinu, 1957; Brothwell, 2008: 120).
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Background
The ﬁrst known reference to syndactyly in pigs (although
not the use of the term) was by Aristotle, around 350BC
(trans. Peck, 1965: 89), who described swine as ‘dua-
lizers’ in that some were cloven hoofed and others,
particularly in Illyria and Paeonia, are solid hoofed
like horses or mules. This information was later
repeated by Pliny around AD77 (trans. Ernout and
Pepin, 1947) and by Buffon during the 18th century
(Leclerc de Buffon, 1819). Gesner also described the
existence of syndactyle pigs in England (‘Anglia’), Belgium
and the Netherlands in ‘maritimis locis Flandriæ’, and
further descriptions were made by Linnaeus in 18th
century Sweden (Camus, 1783: 686), Struthers (1863)
in 19th century Scotland and Bateson (1894) in 19th
century France, Scotland, Germany, America and Cuba.
In 1745, the Romanian Prince Dimitrice Cantemir was
the ﬁrst to consider porcine syndactyly in greater detail
(Vasilescu, 1896). He described a population of
syndactyle pigs in a village near Orchei in Bessarabia
(probably the modern town of Orhei in Moldova).
Cantemir noted that imported cloven-hoofed sows from
other provinces gave birth to piglets with ‘whole’ hoofs
after 3years of breeding with local boar. The same oc-
curred when wild boar interbred with syndactyle domes-
tic sows, thereby suggesting a strong genetic element to
the trait. Most early descriptions are concerned with syn-
dactyle populations around the Balkans, although more
recent studies have identiﬁed the trait in Brazil, Mexico,
Texas and Scotland (Kosswig and Ossent, 1936: 325;
Wiesner, 1960: 88, Lemus et al., 2003). However, as
noted by Darwin (1883b: 424), syndactyly does not al-
ways affect pigs across whole populations and can at
times appear spontaneously in individuals.
Cornevin (1898) and Vasilescu (1896) carried out the
most comprehensive 19th century studies of syndac-
tyly. Vasilescu (1896: 257–267) carried out breeding
experiments crossing syndactyle and cloven-hoofed
pigs and demonstrated the genetic transmission of
syndactyly. Cornevin was particularly interested in
the contribution that syndactyle pigs could make to
understanding the nature of different porcine breeds.
On the basis of the heredity of the trait, as demon-
strated by Vasilescu’s (1896) breeding experiments,
Cornevin deﬁned syndactyle pigs as a separate sub-
species, Sus scrofa syndactylus (Cornevin, 1898: 66–67).
Linnaeus (1793) had already separated syndactyle
pigs Sus monongulus, from the common domestic pig,
Sus domesticus vulgaris and the Chinese pig, Sus sinensis,
the three taxa together making the domestic pig, Sus
domesticus. This emphasises the importance placed on
the trait for taxonomy in the past.
Syndactyle pigs have clearly been the focus of
substantial debate in the past, and populations have
been identiﬁed throughout the world from antiquity
onwards. However, few syndactyle specimens have
ever been recovered (or at least reported on) archaeo-
logically, and consequently, the etiology of the condi-
tion and its implications for interpreting past faunal
populations have not been debated in zooarchaeology.
Morphology
There has been substantial debate concerning the mor-
phological characteristics of syndactyle pigs, and
evidence suggests that their general appearance is
diverse. In observing the Danube population, Cornevin
(1898: 133) described them as having certain similar-
ities with wild boar, with some having quite a curly
coat, a ‘mane’ on their neck and being of lesser size
and weight than common Romanian pigs. However,
Vasilescu (1896: 260) stated that syndactyle pigs he
encountered were indistinguishable from cloven-
hoofed pigs other than in the area of the phalanges.
During analysis of an imported South American
syndactyle piglet, Ossent (1932: 230) noted that the
individual was longer legged, had a more pointed body
shape, a longer head and a more angular jaw compared
with European breeds.
Evidence from radiography and dissection clearly
demonstrates that syndactyle fusion is diverse in char-
acter. The ﬁrst anatomical investigation into the osteo-
logical structure of syndactyle pigs that the authors are
aware of was undertaken by Cuvier and repeated by
Cornevin (1898). On a single limb of a syndactyle
pig, Cornevin described two accessory elements that
had developed between the second phalanges and the
terminal phalanges and stated that the extremity of a
third digit had developed a nail, which covered the
other two, but with observable traces of the three nails
from which it formed (Cornevin, 1898: 134). It was
also noted that lateral phalanges remained unaffected.
Vasilescu (1896: 261) beneﬁted from carrying out
dissection of a different individual and described how
the terminal phalanges were fully fused whereas the
second phalanges were only fused in the distal half,
with the proximal portion being partially united by
dense cartilaginous material.
In a study of Mexican Mule Foot pigs, Lemus et al.
(2003) described the unusual morphological alteration
of second phalanges in association with syndactyle
terminal phalanges. As well as being shorter, a third
intermediate element was present between the second
phalanges and some degree of fusion had occurred.
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X-rays of the Mexican pigs revealed that the syndactyle
terminal phalanges also comprised three bones. The
addition of an accessory ‘phalanx’ was also noted by
Darwin (1883a: 78) and Ghetie and Dinu (1957) who
stated that accessory elements act to unite both the
second and terminal pairs of phalanges but have no
articular surface. An individual examined through radi-
ography by Leipold and Dennis (1972: 269) exhibited
axial fusion of the distal portion of the second phalan-
ges, with neither the ﬁrst nor terminal phalanges being
affected. In addition, Steiner (cited by Wiesner, 1960:
89) has noted that syndactyly can cause full fusion in
all three phalanges or combinations thereof as well as
at times causing fusion in other bones of the feet. At
the other end of the spectrum, radiographs demon-
strated that the terminal phalanges of a South American
piglet were not fused, in spite of only a single hoof
being observable externally (Ossent, 1932: 231).
Recent studies on a range of taxa have highlighted
the varying degrees of fusion of phalanges (Ger,
1998; Kozin, 2003; Dao et al., 2004). The origin of
fusion is thought to be at the distal tip, progressing
proximally to the articular surface (Zeitchmann, cited
by Wiesner, 1960: 89). Evidence suggests that this is
consistent in syndactyle elements in spite of the diverse
character of fusion.
Research also indicates that syndactyly is diverse in
the way it impacts on soft tissue morphology. Vasilescu
(1896: 261) observed no changes in the surrounding
ligaments of the individual he dissected, although both
associated tendons and muscles were morphologically
different. This is also supported in research by Ghetie
and Dinu (1957) who noted that the accessory element
that united the terminal phalanges was served by
special tendons that derived from the tendon of the
extensor digitalis communis muscle. In contrast,
Zietzschmann (cited by Wiesner, 1960: 89), stated
that there is no structural or positional difference in
the sinews, blood vessels and nerves of syndactyle
and cloven-hoofed pigs. Research on humans suggests
that syndactyly has a substantial impact on soft tissue
morphology, as it has been shown to be associated
with an absence (Resnick, 1942; Soderberg, 1949) or
deformity (Walker et al., 1969) of the pectoral muscles.
In addition, studies on a range of taxa by Carter (1951),
Hill (1962), Iwamoto (1967) and Morris (1971) have
demonstrated that numerous muscle anomalies are
associated with skeletal defects and that muscles do
not develop at all when their point of origin is absent
because of skeletal abnormalities. In a study of humans
with syndactyle parents, but who had not inherited
the condition themselves, De Bie et al. (1979) found
that complex patterns of the ﬁngertips (and thus
ﬁngerprints) were observable, again demonstrating that
the expression of syndactyly may have many stages
and is multifarious in character.
It has been suggested that syndactyly in pigs may
be advantageous in that affected individuals tend to
have fewer problems relating to locomotion (Wiesner,
1960: 88; Arias, 2000: 267) and are thought to be more
resistant to swine fever (Arias, 2000: 267) and foot and
mouth disease (Ossent, 1932: 231; Wiesner, 1960: 88).
In addition, pig farmers in Romania stated that syndac-
tyle pigs yielded superior quality products and greater
quantities of meat (Ghetie and Dinu, 1957). These per-
ceived beneﬁts led to such a demand for syndactyle
pigs at the turn of the 20th century that breeding
stocks could hardly satisfy it (Wiesner, 1960: 89).
However, research has demonstrated that syndactyle
pigs have no immunity to foot and mouth disease and
do not beneﬁt from improved locomotion. They have
a restricted gait, causing them to only make small steps,
which gives them the appearance of walking on tip toes
(Wiesner, 1960: 89). Anomalous syndactyle individuals
within a normally developed population at times have
associated defects. For example, in one study of porcine
syndactyly, Leipold and Dennis (1972) described a
syndactyle pig that was ‘runty’ and in generally poor
health, although this could not be explicitly linked to
syndactyly.
Evidence suggests that the right forelimb is most
frequently affected in pigs (Struthers, 1863; Vasilescu,
1896: 258; Malsburg, cited by Kosswig and Ossent,
1936: 325; Wiesner, 1960: 89). In observing the bones
of a syndactyle pig, Struthers (1863) noted that terminal
phalanges on all limbs were fully fused, and on the fore-
limbs, the second phalanges were also fused at their distal
end but retained separate proximal articular surfaces,
therefore suggesting a tendency to more advanced levels
of syndactyly in the forelimb. Breeding experiments on
pigs carried out by Vasilescu (1896: 262–265) provided
no evidence of gender bias in syndactyly.
Other taxa
Research on other non-human mammalian species
other than cattle remains relatively sparse considering
that syndactyly has been described as the most
common congenital anomaly of the extremities in
many animals (Thompson, 2007: 42–43). Most studies
on fauna have been concerned with cattle (Sultan and
Bhattacharya, 1949; Eldridge et al., 1951; Motohashi,
1954; Roy, 1959; Farmer and Huston, 1961; Huston
et al., 1961, 1969; Grüneberg and Huston, 1968;
Adrian et al., 1969; Leipold et al., 1969a, 1969b, 1974;
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Ojo et al., 1975; Baker et al., 1980; Johnson et al., 1980;
Barr, 1981; Leipold and Peeples, 1981; Taura et al.,
1985; Hart-Elcock et al., 1987; Bargai et al., 1989; Bähr
et al., 2004; Drögemüller and Distl, 2006; Agerholm,
2007), although Wiesner (1960: 88) stated that
pigs are the most commonly affected domestic
animals. Other taxa for which syndactyly has been
described include sheep (Dennis and Leipold, 1970),
white tailed deer (Rollor, 1993), dogs (Leipold and
Guffy, 1973; Dallman and Brown, 1980; Renoy and
Balligand, 1991), foxes (Harris, 1975), cats (Hays, 1917;
Crummy, 1941; Towle et al., 2007), rabbits (Fujimoto
et al., 1958), rats (Warkany and Nelson, 1942), mice
(Kadam, 1962; Center, 1966; Stewart and Stewart,
1969), seals (Struthers, 1863: 109), primates (Lapin
and Yakoleva, 1963; Primack et al., 1972; French,
1986; Rothschild and Woods, 1992;), wallabies (Lyne,
1953), domestic fowl (Jaap, 1939; Warren, 1950; Hol-
lander and Brumbaugh, 1969) and frogs (Lynch, 1965).
A discussion of research on syndactyly in all of the
aforementioned species is well beyond the scope of this
paper. However, selected relevant ﬁndings from studies
on other taxa are presented here. The degree of vari-
ability in the fusion of phalanges is further illustrated
by Primack et al. (1972: 137) who observed varied
morphological alterations in the different limbs of an
Indian rhesus monkey. Syndactyly affected limb
morphology proximally to the metapodials, with one
metacarpal being undeveloped and two metacarpals
being fused distally. Fusion affected the proximal pha-
langes and was associated with misaligned digits and
ectrodactyly (the absence of certain bones, in this case
the phalanges) with the number of digits ranging from
one to four. The manifestation of syndactyly is not
always random, and patterns of incidence are evident
for some taxa. For example, research has provided
evidence that bovine syndactyly most frequently
affects the right forelimb (Huston et al., 1961; 1969b;
Leipold et al., 1969a). In studying 55 syndactyle cattle,
Leipold et al. (1969a) found that the right forelimb was
affected in every instance, whereas the left hindlimb
was affected in only four individuals. Barr (1981)
detailed the order of occurrence of syndactyly, noting
that it proceeded from the right forelimb, then the left
forelimb, next the right hindlimb and ﬁnally the left
hindlimb, which was least likely to be affected.
Etiology
The hereditary nature of syndactyly has become
strongly attested to as Cantemir (1745: 92) noted that
interbreeding bidactyl sows with syndactyle males led to
the birth of piglets with ‘whole’ hoofs by the third year.
The majority of works on the heredity of syndactyly have
been concerned with humans (Welg, 1916; Hurlin,
1920; Aksenov and Aksenov, 1927; Devries et al.,
1951; Kaul and Bhandari, 1959; Beckman andWidlund,
1962; Eubel et al., 1985; Ghadami et al., 2001; Greuse
and Coessens, 2001 and many more). However, other
taxa for which the heredity of syndactyly has been
demonstrated include cattle (Sultan and Bhattacharya,
1949; Eldridge et al., 1951; Motohashi, 1954; Roy,
1959; Adrian et al., 1969; Leipold et al., 1974; Hart-
Elcock et al., 1987; Barr, 1981; Drögemüller and Distl,
2006; Wöhlke et al., 2006; Agerholm, 2007; Drögemül-
ler et al., 2007), mice (Bagg, 1929; Bean, 1929) and rats
(Warkany and Nelson,1942). Syndactyly is also known
as ‘mule foot’ in modern cattle and has been found to re-
sult from a simple mutation in a single recessive gene. In
1976, it was added to the list of class 1 defects of the
American Angus Association (Barr, 1981), after Cantemir
(1745), Darwin (1883a), Kosswig and Ossent (1936)
and Wiesner (1960) provided further evidence for the
heredity of the condition in pigs, with breeding experi-
ments by Vasilescu (1896) providing strong evidence that
syndactyly is a dominant genetic trait (see also Detlefsen
and Carmichael, 1920; Kalugin and Malsburg, cited by
Kosswig and Ossent, 1936: 325). However, according
to Brothwell (2008: 120), although the etiology of
the condition is congenital in cattle and dogs, it is
unconﬁrmed as such in either pigs or sheep.
In spite of the strong evidence for the hereditary na-
ture of syndactyly, some research has suggested that
syndactyly in humans (Warkany, 1944; Nelson et al.,
1952) and mice (Kalter and Warkany, 1957) may also
be inﬂuenced by nutritional deﬁciency. In addition, re-
search has indicated that the condition may be linked
with diabetes in mice (Stewart and Stewart, 1969)
and rabbits (Fujimoto et al., 1958) and perhaps with ma-
ternal smoking in humans (Honein et al., 2001; Hamp-
ton, 2006; Man and Chang, 2006). Experiments in pigs
carried out by Ross et al. (1945) also demonstrated nu-
tritional deﬁciency to be a critical factor in both the oc-
currence and the severity of syndactyly. In this study,
the disorder was commonly associated with a range of
other morphological characteristics including vestigial
hindlimbs, hypertrophic eyes, kinked tails, talipes,
oedema of the hind legs and dermastosis and scurf over
the back and ears (ibid: 409–411).
Archaeology
This abnormality has only been identiﬁed in archaeo-
logical assemblages in exceptionally rare instances.
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Other than the new specimens described in this paper,
the only archaeological porcine example known to the
authors is a fully fused pair of terminal pig phalanges
from a medieval context at Osborne House, Romsey,
UK (Siegel, 1976: 369; Coy, 1986; Brothwell, 2008:
122), which is described in detail in the succeedingQ1 dis-
cussions. Harcourt (1979: 158) identiﬁed a further ex-
ample of caprine syndactyly at the Iron Age site of
Gussage All Saints in Dorset, England. It is likely that
only a fraction of individuals affected by syndactyly
would ever be identiﬁable in the archaeological record,
as many may only exhibit soft tissue changes and
elements in the early stages of fusion may become
separated into their constituent parts through the
effects of taphonomic processes. Specimens are
described in chronological order, and pertinent features
described in the text are indicated with arrows in the
respective ﬁgures.
Specimen 1Q2
Specimen 1 was recovered during excavations of a
Middle Bronze to Earliest Iron Age settlement with an
overlying Early Iron Age midden at Llanmaes, Vale of
Glamorgan, South Wales, by Amgueddfa Cymru–
National Museum Wales in 2004. The faunal assem-
blage from the site is overwhelmingly dominated by
pig bones, with an excess of 8000 fragments having
been recovered thus far. This sample includes 168
terminal phalanges, although only two pairs exhibit
evidence of syndactyly (see also Specimen 2). Faunal
and other archaeological evidence from Llanmaes
suggests that people may have converged on the site
from the surrounding landscape or further aﬁeld. Conse-
quently, it is unlikely that all pigs were husbanded in
the immediate locality, and they may represent several
populations. The specimens were recovered from differ-
ent contexts located approximately 4m apart and have
notable morphological dissimilarities, although these
may result from one element deriving from the forelimb
and the other from the hindlimb. Stratigraphic informa-
tion cannot rule out the possibility that they derive from
the same individual. It is noteworthy that the majority
of pig long bone elements from the site derive from the
right forelimb, the same limb which Leipold et al.
(1969a) found to be most frequently affected by
syndactyly in cattle.
Specimen 1 was recovered from a late Bronze Age
quarry hollow, underlying the extensive midden at
the site and judging from its size and robusticity,
appears to be from an individual of sub-adult or adult
age. The example is well preserved, with only slight
loss of bone at the distal extremity where the two pha-
langes fuse (Figure F11). The phalanges are fully fused
distally, creating an element with morphological simi-
larities to a perissodactyl terminal phalanx. The prox-
imal aspect also exhibits complete fusion with only
shallow linear impressions providing evidence that the
elements were ever separate (Figure 1). As the linear
impressions must indicate the border of the original
phalanx, it is possible to discern their morphological
character. The articular surface of the phalanx on the
right side of the ﬁrst image in Figure 1 has a greatly
reduced axial facet, whereas the axial facet of the
opposing phalanx appears enlarged. The pair exhibits
considerable asymmetry.
Radiography of the specimen provided interesting
results (Figure F22). This clearly showed the two terminal
phalanges, and it is possible that the intervening radio-
opaque region may represent a supernumerary element,
as in the Mexican Mule Foot pigs described by Lemus
et al. (2003). The shallow linear fusion lines visible
on the proximal articulation provide further evidence
for the presence of an intermediate element (Figure 2).
The linear impressions are not centrally positioned, as
would be expected if the element comprised two equal
Figure 1. Proximal, plantar and dorsal and views of specimen 1 from Llanmaes.
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sized phalanges, but are situated on either side of the
supernumerary element. The morphology of the bone
also fails to match the triangular shape that would be
expected for two fused terminal phalanges. The trape-
zoidal form may be characteristic of the presence of a
third element.
Specimen 2
Specimen 2 also derives from the later prehistoric
midden at Llanmaes and was recovered during the
2008 season of excavation. The element was found in
the upper ﬁll of a possible tree throw and is probably
late Bronze Age in date. The bone likely derived from
a sub-adult or adult individual. The element is well
preserved, although a small portion of bone has
fragmented where the two phalanges fuse distally. Mor-
phologically, this example is similar to specimen 1 and is
again fully fused (FigureF3 3), although it is somewhat lar-
ger and more robust and angular. From the proximal
view, the specimen exhibits a somewhat less complete
degree of fusion than specimen one (Figure 3). In
place of the shallow linear impressions of specimen
one is a deeper, more pronounced division that is also
observable from the plantar aspect. In addition from
the dorsal view, two narrow gullies are observable,
which run from the proximal end approximately half-
way down the element. It is unknown whether fusion
on this specimen has not yet progressed to completion
or whether the element derives from a mature individ-
ual, and consequently, variation in the degree of fusion
is congenitally dictated. The terminal phalanx to the
right of the ﬁrst image in Figure 3 still has a discernibly
separate articular surface, but it is morphologically
atypical, with a reduced axial facet and an amorphous
abaxial facet. By contrast, the articular surface of the
other phalanx is difﬁcult to discern. It is morphologic-
ally atypical, and a shallow linear impression is suggest-
ive of the phalanx being fused to a much narrower
supernumerary element. It appears broadly symmetrical
to the separate phalanx but with less evidence of a
reduction of the axial facet.
Radiography of specimen 2 revealed similar results
to that of specimen 1. The central zone of the element
exhibited the highest density, and the three dense
osseous ‘peaks’ were even more pronounced, both
macroscopically and radiographically (Figure F44). This
is again indicative of the presence of an intermediate
‘supernumerary’ element that unites the phalanges and
accounts for the square distal end of the specimen,
which would be pointed if only the two terminal pha-
langes fused.
Specimen 3
Specimen 3 is from the early medieval site of Les
Chinchettes (Saint-Cyprien, Pyrénées-Orientales) near
Perpignan in Roussillon (southern France). The ele-
ment was found in one of the numerous pits ﬁlled dur-
ing the second half of the 6th century AD or possibly
the beginning of the 7th century. It derives from a
Figure 2. Radiograph showing dorsal–plantar aspect of specimen 1
from Llanmaes. Note the three dense osseous protuberances indicated
by radio-opaque peaks.
Figure 3. Proximal, plantar and dorsal views of specimen 2 from Llanmaes.
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mature individual. Seven pig terminal phalanges were
identiﬁed at this site from a number of identiﬁable speci-
mens (NISP) of 375.Q3 The element exhibits syndactyly
of a similar character to specimen 1, with complete
union of the phalanges having been achieved (FigureF5 5).
The level of fusion is even more advanced than that
of specimen 1, as there is a complete absence of fusion
lines on the proximal articulation. The axial part of the
proximal articular surface of each phalanx, normally
deeper than the abaxial, is no longer observable, sug-
gesting that the distal articular surfaces of the two asso-
ciated second phalanges were also modiﬁed. In
addition, the angle between the proximal surface and
the plantar one is more open than in a normal phalanx.
Themorphology of the articular surface indicates that this
element may be similar to specimen 1 and be comprised
of three ossiﬁed structures, as evidenced by the morph-
ology of the proximal articulation. The articular surface
is divided into three distinct segments (Figure 5), suggest-
ing the presence of an intermediate element. The three
segments are discernable to a lesser extent from the
plantar view. Dorsally, specimen 3 appears more
pointed distally, whereas specimen 1 is relatively more
square ended. After a macroscopic analysis, this was
considered likely to result from the morphology of
the intermediate element (if present). However, radio-
graphic analysis shows a high degree of homogeneity
in the osseous structure without any trace of the super-
numerary axial point of ossiﬁcation (Figure F66). Union is
complete and makes for a fully formed element, not
recognised as pathological during analysis, rendering
species identiﬁcation problematic.
Specimen 4
The fourth syndactyle element was recovered by
Oxford Archaeology during excavations at site A on
the A2 road scheme. The specimen is from Kent, in
South-East England, and derives from a Saxo-Norman
pit, which contained two partially complete neonatal
pig skeletons. No other pig phalanges were found at
site A, the assemblage comprising a NISP of 601. This
specimen is from a neonatal individual and is more
poorly preserved than the other examples. The distal
edge of the abaxial part of the element has fragmented.
The fusion of the phalanges is also of a very different
character. Rather than fusion being absolute axially, it
is only complete from the plantar aspect (Figure F77).
The dorsal view shows an almost complete division
with only a thin osseous bridge uniting the elements
Figure 4. Radiograph showing dorsal–plantar aspect of specimen 2
from Llanmaes. Note the three dense osseous protuberances indicated
by radio-opaque peaks.
Figure 5. Proximal, plantar and dorsal views of specimen 3 from Les Chinchettes.
Figure 6. Radiograph showing dorsal–plantar aspect of specimen 3
from Les Chinchettes.
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on the plantar surface. The character of fusion reveals
that the specimen does not comprise of three elements
as in specimens 1 and 3, as the central axial area has
only a thin osseous join and no third radio-opaque
peak was visible radiographically. However, it cannot
be discounted that a third element may have existed
but may not have united with the phalanges by the
time of death. It is possible that this specimen repre-
sents an early stage of syndactyly. However, it could
also represent a different manifestation of the abnor-
mality. The remainder of the skeleton showed no
other abnormalities.
Specimen 5
The ﬁfth example of a syndactyle terminal phalanx was
recovered during excavation of Dunnyneill Island,
Strangford Lough, Co. Down, Northern Ireland, UK,
in 2002–2003. This excavation was carried out by the
Centre for Archaeological Fieldwork at Queen’s Uni-
versity, Belfast, Ireland. There were multiple phases of
activity on the island, ranging from the prehistoric to
later medieval periods, with this phalanx being recov-
ered from a later medieval context. A total of 26 pig
terminal phalanges were identiﬁed from this phase,
which had a NISP of 2145.
A terminal phalanx was fused to another, smaller
element, probably a supernumerary element, similar
to those described in specimens 1, 2 and 3 (Figure F88).
Dorsally, the two elements are fused along much of
the length, but with the extreme distal and proximal
ends separate, and a clear division between the two.
The plantar surface shows a much greater degree of
fusion with only a small region of unfused bone at the
extreme proximal and distal ends and with a ridge of
bone extending along the length of the line of fusion.
When examined from the proximal aspect, we found
the elements to be separate, with a complete, Q4unaltered
articular surface observable on the larger phalanx. The
articular surface of the smaller element is atypical in
form, with a vertical rather than angled aspect. The
articular surface of the smaller element is unfortunately
damaged; however, the parts present suggest that it
does not have the medial ridge found on a normal phal-
anx. Overall, the articular surface of the pair is asym-
metrical, suggesting that another element may also
have been originally present abaxial to the reduced
bone. If so, this putative phalanx must have been
unfused to the syndactyle elements as the abaxial edge
Figure 7. Dorsal and plantar views of specimen 4 from the A2 road
scheme in Kent.
Figure 8. Proximal, plantar and dorsal views of specimen 5 from Dunnyneill, Co. Down.
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of the smaller element shows no evidence of fusion. It
would, however, have had to have been of an atypical
shape to ﬁt with the fused pair. The shape of the distal
end of the fused pair suggests that rather than being
pointed or square ended as in the previous examples,
if a third abaxial element was present, then this speci-
men would have had a ‘saw-toothed’ proﬁle, as at the
distal end the abaxial side of the smaller bone shows
some evidence of the characteristic ﬂattened hoof
edge.
Specimen 6
The ﬁnal example of terminal phalanges presented in
this paper derives from a medieval context at the site
of Osborne House in Romsey, Hampshire, UK. Unlike
the other four specimens, this element is not a new
discovery and was excavated in the 1970s. However,
it has not been previously described in detail with only
a solitary photo having been published (Siegel, 1976:
369). Different classes of phalanges were not differen-
tiated in data tables in the unpublished faunal report
on Osborne House (Coy, 1986), but only two pig
phalanges are noted in the entire assemblage (NISP=
858). Although somewhat less robust than specimens
1–3, this specimen is large enough to suggest that it
is from an individual of at least sub-adult age. However,
it is slightly smaller and lighter and may therefore
represent a younger individual. This element exhibits
a far less complete degree of fusion than the other
mature examples where both phalanges are] present
and radiography is not necessary for the identiﬁcation
of the supernumerary element (FigureF9 9). The element
appears quite narrow (3.3mm max) from the dorsal
aspect but is somewhat broader in the plantar aspect
with a 5.9-mm-wide osseous protuberance being
slightly distally displaced from the proximal articular
surface. Fusion is extensive enough to obscure the exact
form of the extra element, although it appears to be an
amorphous, elongated element quite unlike other
phalanges. The articular surfaces of the two terminal
phalanges are not symmetrical to each other, and both
show morphological anomalies. The phalanx to the left
of the ﬁrst picture in Figure 9 shows considerable alter-
ation, with the axial facet being reduced and ﬂattened,
with almost no concavity observable. The phalanx to
the right of the picture shows a greatly reduced abaxial
facet.
Radiography provides further detail as to the morph-
ology of the supernumerary element. It appears as
a thin protuberance of bone, which tapers to a point
at its distal end (Figure F1010). This supernumerary elem-
ent, which may represent ossiﬁed ﬁbrocartilage, was
presumably absorbed into the homogeneous structure
of the bone in specimen 3, which is considered to be
representative of a more advanced stage of syndactyly.
The character of the element supports Steiner’s (cited
by Wiesner, 1960: 89) view that fusion originates at
the distal end and progresses proximally to the point
of articulation with the second phalanges.
Second phalanges: specimens 7 and 8
In addition to the terminal phalanges described above,
two second phalanges from Dunnyneill Island may
originally have been syndactyle with other missing
phalanges. These were recovered from a later medieval
context and from topsoil. There were 31 pig second
phalanges recovered from the later medieval phase
(NISP=2145) and 14 from topsoil (NISP=1052). The
stratiﬁed example (specimen 8) was from the context
immediately above that from which specimen 5 was
Figure 9. Proximal, plantar and dorsal views of specimen 6 from Osborne House, Romsey.
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recovered, whereas the topsoil example (specimen 7)
came from the adjacent cutting. The two phalanges
were not fused to each other and were of different
sizes, demonstrating that they were not adjacent. It is
possible that they were from different limbs of a single
individual or from two individuals, and it cannot be
entirely discounted that one or both could have come
from the individual with the syndactyle terminal
phalanges described as specimen 5, but in neither case
do they articulate with that element. Both exhibited a
split in the distal articular surface similar to a type 2
articular depression deﬁned by Baker and Brothwell
(1980: 41, 109–14) in cattle and red deer, believed to
be congenital in origin.
Specimen 7 exhibited an exostosis on the axial side,
extending from the distal end towards the proximal
(FigureF11 11). When we viewed this from the axial side,
this appeared as a semicircular area extending axially
beyond the line of the surrounding bone. This area
measured a maximum of c. 0.5mm medio-laterally,
13.7mm proximo-distally and 12.3mm in a dorso-
plantar direction. When we viewed this from the distal
end, the phalanx had an anomalous shape because, as
well as the type 2 anomaly, the axial margin was
straight rather than convex and it appeared to have
been butted directly against the adjacent phalanx. By
contrast, for the remainder of the semicircular extent,
the line of the exostosis extended beyond the line of
the unaffected bone by up to c. 0.5mm. The centre
of the affected area appeared to be a broken surface
of normal trabecular bone, except at the proximal
extent, where it was fringed by an oval-shaped area of
smooth bone measuring c. 3mm proximo-distally by
c. 7.4mm in a dorso-plantar direction. The over-riding
impression given by the phalanx was that it had been
broken away from an adjacent syndactyle phalanx.
Specimen 8 exhibited a similar pathology. When we
viewed it from the axial side, the affected area measured
a maximum of c. 0.5mm medio-laterally, 9.1mm
proximo-distally and 13.2mm in a dorso-plantar direc-
tion. This area again extended in a semicircular shape
from the distal end on the axial side of the phalanx
(Figure F1212). Viewed from the distal end, the phalanx
had an anomalous shape because, as well as the type
2 anomaly, the axial margin was straight rather than
convex and it appeared to have been butted
directly against the adjacent phalanx. By contrast, for
the remainder of the semicircular extent, the line of the
exostosis extended beyond the line of the unaffected
bone by up to c. 0.5mm. In this case, however, the
circumference of the affected area was surrounded by a
smooth ring of bone measuring up to 3mm in width,
but only c. 1mm at the distal end. The centre of this
semicircular area was slightly depressed relative to the
encircling ring, and in this area, trabecular bone was also
Figure 10. Radiograph showing dorsal–plantar aspect of specimen 6
from Osborne House, Romsey.
Figure 11. Distal and axial views of specimen 7, second phalanx from Dunnyneill Co. Down.
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visible. Unlike specimen 7, the surface of this trabecular
bone was slightly smooth because of remodelling of the
bone, so it did not appear to have been broken away
directly from a syndactyle element. The exostosis may
have been due to trauma caused by frictionagainst the
adjacent phalanx because of the anomalous shape of
the bone. It is more likely, however, that this had been
a point of partial or potential fusion of the phalanx with
a missing syndactyle phalanx.
Conclusion
This paper adds to the sparse corpus of research on
the occurrence of porcine syndactyly in the archaeo-
logical record and presents a review of veterinary and
zoological literature on the subject. The specimens
of fused terminal phalanges from mature animals are
relatively similar and ﬁt Aristotle’s early description
of the abnormality. No archaeological examples of
actual fused second phalanges are known to the
authors; however, two examples from a single site
have been presented in which there is evidence that
fusion may have occurred, with subsequent ante
mortem and post mortem breakage. All of the described
specimens of terminal phalanges are likely to represent
isolated syndactyle individuals from different popula-
tions. They exhibit several different stages in the fusion
of phalanges as described in modern studies of syndac-
tyly: beginning at the cranio-ventral tip, then extending
on the plantar face and completing fusion at the dorso-
caudal extremity.
Fusion does not occur through the simple joining of
the two bones as in ruminant metapodials but through
an intermediate ossiﬁed structure at the axial midline.
This may represent the ossiﬁcation of a ﬁbrocartilage
bridge between the phalanges, as described in some
clinical observations. This ossiﬁed structure is present
in four of the six specimens and may be present in a
ﬁfth. The other example from a neonatal animal
displays a large dorsal gap between the two phalanges.
This gap is likely to represent the location of this
intermediate bone that had not yet fused and has been
lost post-deposition. Further study is required to deter-
mine the exact nature of the ossiﬁed structure, and it is
at present unclear whether ‘supernumerary phalanx’ is
an appropriate term by which to deﬁne it. Although
the phalanx of Les Chinchettes (specimen 3) has a
third proximal articular facet, suggestive of an inter-
mediate phalanx, formation of this facet may result as
a response to joint movements, and therefore, ‘ossiﬁed
structure’ is considered a more appropriate term, as no
element was observable in radiographs of the specimen.
The example from Dunnyneill also has a proximal
articular facet, and in this case, the distal end of the
bone is pointed. In this example, there may not have
been a third terminal element present, although the
shape of the articular surface suggests that an additional
unfused element may have existed in the living animal.
The review of previous research and the analysis
of the archaeological specimens demonstrate that
the gross morphology of syndactyle elements is
diverse. Variation may result from congenitally
dictated differences in the manifestation of the ab-
normality. However, the degree of fusion may also
relate to the age of the individual, with fusion
progressing throughout life. The perfect symmetry of
the Les Chinchettes element (specimen 3) demonstrates
complete fusion. Specimen 1 and to a lesser extent speci-
men 2 (both from Llanmaes) also show advanced stages
Figure 12. Distal and axial views of specimen 8, second phalanx from Dunnyneill Co. Down.
11Syndactyly in Pigs: Previous Research and New Analysis
Copyright # 2011 John Wiley & Sons, Ltd. Int. J. Osteoarchaeol. (2011)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
of syndactyly, if it is assumed that fusion progresses to
completion. By contrast, the Osborne House element
(specimen 6) is far less complete, and specimens 4 (A2)
and 5 (Dunnyneill Island) also appear to be at an early
stage of syndactyly.
Systematic analyses on a range of living populations
are required to elucidate the causes of variation,
although the fact that two specimens that derive from
younger individuals (specimens 4 and 6) exhibit less
complete fusion suggests that union progresses to
completion throughout life.
Syndactyly in pigs can occur across either whole
populations or breeding groups with some evidence
suggesting that affected pigs tend to have morpho-
logical similarities to wild boar. Alternatively, it may
occur spontaneously in individuals. This again empha-
sises the multifarious nature of the condition. A logical
extension of the research would be to undertake
genetic analysis of the specimens and compare them
with existing genetic data for pigs. This has the poten-
tial to identify any link with areas described as having
syndactyle populations.
The relatively common identiﬁcation of syndac-
tyle pigs from antiquity to the modern day, both
as individuals and populations, suggests that the
condition may have been more common in the past
than has previously been recognised. The recording
of several new archaeological specimens within a
short time by the authors is coincidental, but only
a single other published archaeological pig specimen
is known of, therefore hinting that the condition
may sometimes have gone unnoticed. It is perhaps
more likely that examples have rather been omitted
from publication, perhaps because of the absence
of a corpus of research on syndactyly in the past
and the resultant difﬁculty in putting specimens in
their temporal, geographical and palaeopathological
context. This paper therefore aims to provide a
starting point from which to improve understanding
of the prevalence, geographical and temporal distri-
bution and archaeological implications of syndactyly
in the past.
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